Sequence data and inference of sex-linkage. RNA-seq data was generated in S. latifolia for a cross (parents and progeny) for three tissues (seedlings, leaves and flower buds) and analysed using the SEX-DETector pipeline 24 . RNA-seq data was also generated for two outgroup species (S. viscosa and S. vulgaris). Reference mapping bias was corrected using the program GSNAP 29 .
Inferences of sex-linked contigs were validated using three sources of information (literature, a genetic map and flow-sorted Y chromosome sequences). See Supplementary Text S2 for details.
Allelic expression levels. Contigwise autosomal, X, Y, X+X and X+Y normalised allelic expression levels were computed by summing read numbers for each X-linked or Y-linked alleles for filtered SNPs of the contigs (Supplementary Text S2) for each individual separately and then normalised using the library size and the number of studied sex-linked SNPs in the contig: E = r/ (n * l) (1) With E = normalised expression level for a given individual, r = sum of total read counts, n = number of studied SNPs, l = library size of the individual (number of mapped reads). Allelic expression levels were then averaged among individuals for each contig. In order to make S. latifolia expression levels comparable to S. viscosa and S. vulgaris, S. vicosa and S. vulgaris expression levels were estimated using only the filtered SNP positions used in S. latifolia.
Normalised expression levels computed as explained in equation (1) in the two outgroups were then averaged together for leaves and flower buds as expression levels are highly correlated (R 2 0.7 and 0.5 for flower buds and leaves respectively and p-value < 2.10 -6 in both cases). Averaging expression levels between the two outgroups allows to get closer to the ancestral autosomal expression level.
Sex-biased expression. Sex-biased contigs were inferred as in Zemp et al 30 
. See Supplementary
Text S2 for more detail. Expression divergence between S. latifolia and the two outgroups at the contig level. The normalised difference in allelic expression between S. latifolia and the two outgroups (hereafter Δ) was computed in order to study how sex chromosome expression levels evolved in S. latifolia compared to autosomal expression levels in the two outroups: Δ is equal to zero if S. latifolia and the outgroups have equal expression levels, Δ is positive if S. latifolia has higher expression levels compared to the outgroups and Δ is negative otherwise: Δ = (S. latifolia expression level -outgroup expression level) / (outgroup expression level) (2) Sex-linked contigs were grouped by categories of degeneration level using the average Y over X expression ratio in males. 200 autosomal contigs were randomly selected in order to have similar statistical power among gene categories. Δ values for each allele (maternal and paternal in males and females) and each gene category were compared to zero using a Wilcoxon test. Pvalues were corrected for multiple testing using a Benjamini and Hochberg correction. The estimated median Δ, confidence intervals and adjusted p-values were then used to plot Figure 1 and Supplementary Figures S2 to S7.
Expression differences between maternal and paternal alleles at the SNP level. Maternal and
paternal alleles expression were compared in S. latifolia for autosomal and sex-linked SNPs. In order to deal with the difference in numbers of autosomal versus sex-linked contigs ( Supplementary Table S2 ), 200 autosomal contigs were randomly selected in order to keep comparable powers of detection. Allelic expression levels in S. latifolia for each individual at every SNP position were analysed using a linear regression model with mixed effects with the R package lme4. We assumed a normal distribution of the read count data after log transformation.
In order to account for inter-individual and inter-contig variability, a random "individual" and a 
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Supplementary Text S1: Dosage compensation in X-hemizygous genes
The first papers on dosage compensation in S. latifolia were contradictory because they focused on different gene sets. Muyle et al. 1 focused on X/Y gene pairs while other papers focused on X-hemizygous genes 2,3 . However, the X-hemizygous gene sets returned by the RNAseq approach used in those papers is less reliable than the X/Y gene sets 4 . A gene might be inferred as X-hemizygous simply because the -still functional -Y copy is not expressed in the tissue sampled for RNA-seq. In S. latifolia, X-hemizygous genes tend to be less expressed than X/Y genes and are less likely to be detected by segregation analysis as efficient SNP calling requires a certain read depth, see 4 . Moreover, X-hemizygous genes are inferred from X polymorphisms while X/Y genes can be detected both with X and X/Y polymorphisms, which are more numerous. Another inherent bias to X-hemizygous contig inference comes from the assembly step. If the X and the Y copy are too divergent to be assembled together, the X contig will be wrongly inferred as X-hemizygous because Y alleles will be absent from the contig (this bias was at least partly corrected in the analyses presented here, see Material and Method section 5.1). The inferences of X-hemizygous genes using the RNA-seq approach (including SEX-DETector) imply a higher rate of both false positives and false negatives than those for X/Y gene pairs. In Papadopoulos et al. 5 , 25% of the X/Y chromosomes were sequenced using a genomic approach. A much higher fraction of X-hemizygous genes was found than in previous RNA-seq papers 2,3 . Papadopoulos et al. 5 figure 3D ). Due to limitations of the RNA-seq approach in inferring X-hemizygous genes, results on X-hemizygous contigs are analysed separately here.
Poor dosage compensation of X-hemizygous contigs compared to X/Y contigs with high Y degeneration was observed across all tissues ( Supplementary Figures 2 to 7) . Also, the parental origin of the X chromosome has limited to no effect on female X expression levels for Xhemizygous contigs, unlike X/Y contigs ( Supplementary Figures 8 to 13) . A reason that could explain such a different pattern for X-hemizygous genes compared to X/Y genes is the possible dosage insensitivity of X-hemizygous genes. X-hemizygous genes could have lost their Y copy because dosage was not important for them and selection neither slowed down the loss of the Y copy nor selected for dosage compensation when degeneration inevitably occurred 6 . A well described characteristic of dosage sensitive genes is that they tend to code proteins involved in large complexes 7 . Gene Ontology was studied using the Blast2GO PRO version 2.7.2 30 as in 8 .
Using the GO-term analysis, our set of X-hemizygous contigs were found to be significantly depleted in ribosomal protein coding genes compared to autosomal genes (p-value 1.3.10 -4 ), which is consistent with the global dosage insensitivity of X-hemizygous genes in S. latifolia.
This depletion in large protein complexes was not found when comparing X/Y genes to autosomal genes. RNA-seq data from previous studies were used (the GEO database GEO Series GSE35563, European Nucleotide Archive PRJEB14171), it included flower buds and leaf tissues from individuals of a cross in S. latifolia as well as individuals in S. vulgaris. In addition to these preexisting data, RNA-seq reads were generated in a comparable way for seedlings of a controlled cross using the same parents in S. latifolia, four males and four females were sampled (Seed_lati_female_1, Seed_lati_female_2, Seed_lati_female_3, Seed_lati_female_4, Seed_lati_male_1, Seed_lati_male_2, Seed_lati_male_3 and Seed_lati_male_4). Seedlings were also sequenced for S. vulgaris (Seed_vulg_herm_1, Seed_vulg_herm_2, Seed_vulg_herm_3 and Seed_vulg_herm_4). Seedlings were grown in a temperature controlled climate chamber in Eschikon (Switzerland) using the same conditions as in 8 . The S. latifolia and S. vulgaris seedlings were collected without roots at the four-leaf stage. The sexing of the S. latifolia seedlings was done using Y specific markers 9 that were amplified with the direct PCAR realigned using GATK IndelRealigner 15 and were analysed using reads2snps 16 version 3.0 with the following parameters: -fis 0 -model M2 -output_genotype best -multi_alleles acc -min_coverage 3 -par false. This allowed to genotype individuals at each loci while allowing for biases in allele expression, and without cleaning for paralogous SNPs. Indeed, X/Y SNPs tend to be filtered out by paraclean, a program which removes paralogous positions 17 . A second run of genotyping was done with paraclean in order to later remove paralogous SNPs from autosomal contigs only. SEX-DETector 12 was then used to infer contig segregation types after estimation of parameters using an SEM algorithm. Contig posterior segregation type probabilities were filtered to be higher than 0.8. Because the parents were not sequenced for the leaf and seedling datasets, SEX-DETector was run using the flower bud data for the parents.
Supplementary Text S2:

4) Reference mapping bias correction
In order to avoid biases towards the reference allele in expression level estimates, a second mapping was done using the program GSNAP 18 with SNP tolerant mapping option. A contigs were identified by calculating the mean expression values (FPKM) in both sexes and selecting those which were exclusively expressed in males.
Supplementary Figures
Supplementary Figure S1 : Relatedness among the three studied species, extracted from 31 ages at the nodes are shown in million years (My). The exact relationship among species is poorly resolved [31] [32] [33] . In some phylogenies S. viscosa is closest to S. latifolia, whereas in others S. 
